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1. Introduction
Several contributions ([1]-[3]) to RAN WG1#46 offered insight into the potential performance gains associated with inclusion of 64-QAM modulation into HSDPA. Differences in network deployment assumptions and performance measures due to the lack of a commonly agreed framework for performance assessment made direct comparison of simulation results from different sources more difficult. Accordingly, this contribution re-visits the results of [1], under a broader set of simulation assumptions to permit a broader assessment of potential performance benefits.
2. Network Deployment Scenarios

Unsurprisingly, examination of contributions [1]-[3] suggests that at least some of the difference in observed performance benefits for 64-QAM are attributable to underlying differences in network simulation assumptions.

Table 1 summarises the network simulation assumptions from [1] and [3], and provides an outline comparison with:

a) Case 1 and Case 3 deployment models extracted from the LTE process [4]
b) simulation assumptions applied to the Rel-7 MIMO assessment process [5]
In many instances, the deployment assumptions of [1] and [3] are relatively aligned, with the exception of the following elements:
a) Inter-Site Distance (ISD) – [1] is aligned with the LTE Case 3 ISD of 1732m while [3] focuses on an ISD of 500m as adopted in LTE Case 1. Clearly the reduced cell radius has a bearing on 64-QAM utility if interference suppression is enhanced.
b) Reduced Inter-NodeB Interference – [1] assumes (as in LTE) no reduction in inter-NodeB interference while [3] assumes inter-Node-B interference reduction levels of [0, 3, 5.2, 7.0]dB.
c) Channel Model – [1] aligns with the TU channel model applicable both to LTE Cases 1 and 3, while [3] adds the ITU Pedestrian A (PA) channel model. While that model advantageously supports higher post-equalizer SINR’s, it was not adopted for LTE assessment, and has a very low RMS delay spread which may not apply in practical deployments.
d) UE SINR Limit – [1] applies a ‘single antenna’ (i.e. receiver port) SINR limit of 20dB to model the combination of Node-B transmitter EVM and UE receiver impairments.
e) UE Channel Estimation Error – [1] models the impact of channel estimation error (according to the allocated Node-B CPICH power fraction) on achievable post-equalizer SINR.
	
	Units
	LTE Case 1
(Macro)
	LTE Case 3
(Macro)
	MIMO Ref. Scenario [5]
	Motorola
R1-061995 [1]
	Ericsson
R1-062265 [3]

	Carrier Freq.
	MHz
	2000
	2000
	1900
	2000
	2000

	Inter-Site Dist.
	m
	500
	1732
	1000
	1732
	500

	Layout
	– 
	Hex. 19/3
	Hex. 19/3
	3GPP TS 25.996 
Urban Micro
	Hex. 19/3
	Hex. 19/3

	Path Loss Model
	dB
	128.1 + 37.6log10(R(km))
	128.1 + 37.6log10(R(km))
	NLOS: 34.53 + 
38log10(d(m))

LOS: 30.18+ 
26*log10(d(m))
	128.1 + 37.6log10(R(km))
	128.1 + 37.6log10(R(km))

	Lognorm. Std Dev.
	dB
	8
	8
	NLOS: 10dB

LOS: 4dB
	8
	8

	BS Ant. Gain
	dBi
	14
	14
	14
	14
	

	BS Ant. Pattern
	–
	3GPP
	3GPP
	3GPP
	3GPP
	1. 3GPP
2. Proprietary [6]

	Chan. Model
	–
	TU & SCM
	TU & SCM
	SCM
	TU
	ITU PA, TU

	BS Power (5MHz)
	dBm
	43
	43
	38
	43
	43

	Penetration Loss
	dB
	20
	20
	–
	20
	20

	Interference Reduction
	dB
	Explicit else 
power = Ptotal
	Explicit else 
power = Ptotal
	6
	Ptotal
	0, 3, 5.2, 7.0

	UE NF
	dB
	9
	9
	
	9
	9

	UE SINR Limit
	dB
	–
	–
	
	20
	

	Pilot Chan. Pow.  (P_PILOT)
	%
	10% 
(CPICH)
	10% 
(CPICH)
	
	10% 
(CPICH)
	20%

	Common Chan. Pow.
(P_OVHD)
	%
	10% 
(SCH, P-CCPCH, 
S-CCPCH)
	10% 
(SCH, P-CCPCH, 
S-CCPCH)
	
	10% 
(SCH, P-CCPCH, 
S-CCPCH)
	

	Pow. Avial. HS-DSCH/
HS-SCCH/DPCH
	%
	100% - P_PILOT - P_OVHD – P_HSUPA
	100% - P_PILOT - P_OVHD – P_HSUPA
	[50% - 75%] 
HS-PDSCH
	70%
HS-PDSCH
	

	HS-SCCH
	%
	Explicit else 5%
	Explicit else 5%
	
	10%
	4%
(inc. E-HICH)

	DL DPCH
	%
	Explicit else 10%
	Explicit else 10%
	
	
	Explicit

	Channel Est. Error
	
	
	
	
	Yes
	No

	CINR Report Error
	
	
	
	
	No
	No


Table 1 – Outline comparison of network simulation assumptions.
A further and important distinction between [1] and [3] is the Node-B antenna pattern. While both [1] and [3] include results for the LTE-specified antenna pattern:
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[3] additionally offers results based on a proprietary antenna [6] for which the horizontal and vertical patterns are illustrated in Figure 1. The proprietary antenna pattern has a main lobe horizontal beam width of 65° which – as can be observed from the overlaid horizontal pattern of Figure 1 – does not deviate significantly from the adopted 3GPP model(1.1)

. The proprietary pattern does, however, assume an effective front-back ratio of 30-40dB (depending on the selected azimuth), which significantly exceeds the LTE assumption of 20dB.
While the 3GPP antenna model uses a uniform vertical pattern, in [3] the proprietary antenna with reduced front-back ratio is also assumed to be deployed with a 10° antenna down tilt. The resulting vertical pattern also appears in Figure 1. For a nominal 500m cell radius, and assuming the 15m Node-B antenna height implied (see [7], Section B.1.4.1.3) by the path loss equation of 
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, the vertical angle at nominal edge of cell is 1.7°, which indicates (from Figure 1 vertical pattern) a potential edge-of-cell signal attenuation in the region of 10-20dB, and other-cell interference level reduction by 20dB or more.
The use of significant antenna down tilt as a means of interference control in deployments is, of course, well known from even ‘1G’ systems and is recognised as a valuable tool in deployments, but has not yet been adopted as a component of recent 3GPP RAN1 network modelling scenarios (e.g. 3GPP TS 25.942), and may require some further assessment.
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Figure 1 – Antenna patterns.
Notwithstanding this background, given the respective similarities of [1] and [3] to LTE Cases 3 and 1, simulation results are presented here for the scenarios of Table 2, using the 3GPP antenna model.
	Core Deployment Model
	Interference Reduction (dB)
	Channel 
Model
	Antenna &
Down tilt (degs)

	LTE Case 1 (5MHz)
	0, 6
	PA, TU
	3GPP, 0°

	LTE Case 1 (5MHz)
	0, 6
	PA, TU
	[6], 10°

	LTE Case 3 (5MHz)
	0, 6
	PA, TU
	3GPP, 0°


Table 2 – Simulated deployment scenarios.
3. Network Simulation Results
In [2] and [3], it was shown that 64-QAM deployment is useful to improve the achievable bit rate of the advantageously deployed users in the specific system scenarios discussed in Section 2, albeit with ideal channel estimation (ICE). In this section, in continuation of the study of [1], further network simulation results are presented to study deployment scenarios that might be favourable for 64-QAM operation with practical channel estimation (PCE) and non-ideal receiver and transmitter elements. Most of the simulations assumptions in [1] were re-applied, modified by Table 2. Several additional network scenarios with reduced other-cell interference, down-tilted antennas, small cell radii and “near-flat” channels ([2] and [3]), that could prove benign for 64-QAM operation were also considered. In addition to the customary performance measure of session User Throughput, the per-TTI instantaneous throughput was also considered to permit direct alignment with [3]. This performance measure is termed here Achievable Throughput, although view the classical session User Throughput as a better indicator of the user’s experience. The power allocation to overhead channels was the same as in [1].
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Figure 2 – User Throughput in PA Channel

Figure 2 and Figure 3 show the CDF of User Throughput and Achievable Throughput in several network scenarios with the Pedestrian-A (PA) channel model. ICE indicates ideal channel estimation with no RF non-idealities at the transmitter and the receiver. Similarly, PCE indicates practical channel estimation with RF impairments at the transmitter and the receiver modeled as an additional noise source. The channel estimation algorithm, along with its effect on the post-equalizer (Type 3i receiver) signal-to-noise ratio, was discussed in [1]. 
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P

is used to denote the average power of an interfering NodeB [3]. It can be readily observed from the plots that under ideal conditions (ICE), moderate (Case 1 and Case 3) to large (Case 1, tilted antenna) gains can be achieved when 64-QAM modulation is included. But, with practical channel estimation and transmitter/receiver non-idealities, the scenario with antenna down-tilt is the only scenario that achieves significant gains due to 64-QAM (the suppression of interference deliverables SINR gains that can be substantially exploited by 16-QAM). Further, interference reduction does not seem to have as much of an impact as down-tilt of the NodeB antenna.
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Figure 3 – Achievable Throughput in PA Channel
Network simulation results for scenarios using the Typical Urban (TU) channel model are plotted in a similar manner in Figure 4 and Figure 5. In this case, there is no scenario that achieves significant gains with 64-QAM, and the PCE curves with and without 64-QAM modulation substantially overlap. Table 3 summarizes the User Throughput gains of the 90%-ile users in various scenarios. 
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Figure 4 – User throughput in TU channel.
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Figure 5 – Achievable throughput in TU channel.
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90 Percentile User Throughput (Kbps)

Scenario Antenna

Interference 

Reduction     

(dB)

Channel 

Model

ICE/PCE


Table 3 – Summary of Network Simulation Results
4. Conclusions
In this contribution, the utility of 64-QAM in various deployment scenarios was assessed using network simulations. It was shown that:

a) the downlink network performance gains with 64-QAM depends critically on the deployment assumptions, and the inclusion of channel estimation, the receiver type, and transmitter/receiver impairments also have a significant impact on the results,
b) interference reduction can be substantially exploited by the existing 16-QAM modulation scheme,
c) gain due to 64-QAM is increased for the very low delay spread Pedestrian-A channel model, but substantially reduced – and in some cases non-existent – with the more realistic TU model,
In summary, the current simulation results suggest that 64-QAM modulation can offer performance benefits to the HSPA downlink, but significant benefit is only observed in small, isolated cells (‘hotspots’), and/or where other specific radio engineering assumptions (significant antenna down tilt, very low delay spread channels) are made.
In order to complete the HSPA+ study in a timely fashion, the following proposals are offered:
a) RAN1 agree on a common set of simulation assumptions. LTE Cases 1 and 3 are already defined, and are proposed for adoption,
b) assumptions concerning interference reduction (consistent with the MIMO study [5]) are welcome, and may be layered on LTE Cases 1 and 3.
Including the effects of antenna down tilt may require further study (due to impact on pilot coverage etc.) and is not currently recommended.
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6. Appendix A – System Simulation Assumptions
	Parameter
	Units
	Value
	Comment

	Number of Rings
	Rings
	2
	

	Total # Cell Sites
	Sites
	19
	

	Sectors (cells) per site
	Sectors
	3
	

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1732, 500
	Cell radius = 1000m, 288.7m

	BS Antenna Gain & Cable Loss
	dBi
	14.0 (3GPP), 17.51 (Kathrein 742-215)
	

	Sector Antenna Gain
	dB
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, Kathrein 742-215 antenna pattern
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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A

)
	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	20
	

	BTS Output Power
	dBm
	43.0
	

	MS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Allocation
	%
	HS-DSCH – 70%

CPICH – 10%

Other common and shared/associated  channels – 20%
	

	Power Control
	
	Disabled
	Maximum power radiated continuously per cell.

	Channel Type
	
	TU (6 path), PA
	

	Receiver
	
	Type-3i
	

	UE SINR limit
	
	20 dB
	

	UE Channel Estimator
	
	Sliding-window correlator
	

	Correlator Length
	
	15 CPICH symbols
	3840 chips

	Scheduler
	
	Proportional Fair
	

	Multiplexing
	
	TDM 
	Only one user scheduled per TTI

	Traffic Model
	
	Best effort 
	


Table 4 – System simulation assumptions.
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